initiating metamorphic climax (Shi, 2000) . This transient elevation in T4 initiates a cascade of 13 gene expression events that controls the final morphological changes characteristic of 14 metamorphosis, including tail resorption (Shi, 2000) . Several groups have shown that this inhibition and stimulation. Furthermore, the assay as proposed lacked any diagnostic endpoints 1 which undermines the ability of the proposed assay to discriminate thyroid-specific effects from 2 other toxicological effects which may retard normal development. Although there are significant 3 problems with the specifics of the EDSTAC-proposed protocol, the process of anuran 4 metamorphosis, specifically in X. laevis, provides an opportunity to develop a screening strategy 5 based on a combination of morphological, biochemical, and molecular responses in a system 6 which is amenable to experimental manipulation and for which extensive knowledge of the 7 metamorphic process exists. Anuran metamorphosis is a complex process by which increasing levels of thyroid 10 hormones (TH) promote the remodeling of the aquatic larvae into an adult tetrapod. Virtually 11 every tissue in the tadpole is a target of TH (Atkinson et al., 1996; Shi, 1996) . The dramatic 12 structural and functional changes of larval tissues during metamorphosis have been studied 13 extensively (Shi, 2000) . Nieuwkoop and Faber (1994) have developed a detailed description of 14 the major developmental events for X. laevis and provided a detailed guide for staging this 15 species. Briefly, post-embryonic development and metamorphosis can be divided into three 16 phases: premetamorphosis, prometamorphosis, and metamorphic climax. Premetamorphosis is 17 the period of post-embryonic development that precedes thyroid gland function and is mainly a 18 period of growth. Development during this interval is not mediated by T4 (Dodd and Dodd, 19 1976) . Prometamorphosis begins at Nieuwkoop and Faber (NF), stage 54 and is characterized by 20 the onset of thyroid gland function, rising levels of T4, and the process of T4-dependent 21 morphogenesis (Dodd and Dodd, 1976) . Prometamorphosis continues through approximately 22 1 limbs). At NF stage 60, metamorphic climax begins which is characterized by a rapid increase 2 in T4 synthesis and the dramatic morphogenetic events, including remodeling of structures such 3 as the craniofacial region and gut, differentiation of the liver, and resorption of the gill and tail 4 (Dodd and Dodd, 1976) . A large body of literature exists regarding thyroid hormone control of 5 amphibian metamorphosis and recent work has begun to define tissue-specific T4-dependent 6 programs of gene activation and repression in the brain, tail and limb (Buckbinder and Brown, 7 1992; Wang and Brown, 1993; Brown et al., 1996; Shi, 1996; Denver et al., 1997) . deiodinates the tyrosyl ring of T4 and T3 to effect the production of rT3 and di-iodothyronines, 3 respectively, inactive forms of T4. This can result in reductions in local T3 concentration and is 4 thought to prevent inappropriate T4 stimulation throughout the metamorphic process (Becker et 5 al, 1997; Kawahara et al., 1999; Marsh-Armstrong et al., 1999; Huang et al., 1999) . In mammals 6 the hormones are subject to conjugation and ultimately elimination, via sulfation and 7 glucuronidation, and catabolism of the tyrosine residue via decarboxylation and deamination 8 (Brucker-Davis, 1998) . However, the roles of these processes in anuran metamorphosis are 9 poorly understood. Theoretically, normal T4 homeostasis and action can be disrupted at several sites in the 12 pathway, including: interference of the negative feed back loop, T4 synthesis, T4 transport, 13 metabolic conversion of T4 to active and inactive forms, receptor-mediated effects, and 14 nonspecific effects. However, xenobiotic chemicals which are known to interfere with normal 15 T4 homeostasis and action have been shown to act primarily by producing hypothyroidism via 16 (1) inhibition of iodide uptake, (2) inhibition of T4 synthesis, (3) inhibition and/or up-regulation 17 of deiodinases or (4) up-regulation of catabolism of T4 (Brucker-Davis, 1998; DeVito et al., 18 1999). Much of our current understanding of xenobiotic action on the thyroid axis comes for 19 work which primarily has been conducted in mammalian species (Brucker-Davis, 1998 vertebrates and their demonstrated effectiveness at disrupting the amphibian HPT (Iwasawa, 16 1958; Goos, 1968; Goos et al., 1968) . Further, we have examined the organismal response to the 17 TR agonist T4. We have focused on defining the organismal response as a function of when in 18 the metamorphic process the exposure is initiated and length of the exposure period. The studies 19 described here are part of a much larger effort aimed at making the necessary improvement to the 20 original screening protocol and to develop the necessary data to establish confidence in the 21 amphibian assay as a vertebrate screen. were placed back in clean water until they reached stage 54 (7 days) when they were used to start 14 (using similar methods described for the stage 51 tadpoles) the stage 54 portion of each study.
22

MATERIALS AND METHODS
15
Stage 51 and 54 larvae were exposed to 5 concentrations of T4 (0.25, 0.5, 1.0, 2.0, and 4.0 µg/L) 16 or PTU (1.25, 2.5, 5, 10, and 20 mg/L) and a control. an intensity that ranged from 61 to 139 lumens at the water surface. temperatures were continuously monitored) to maintain temperature uniformity between tanks.
11
Dissolved oxygen (DO) was measured weekly during all tests using a dissolved oxygen meter
12
(calibrated prior to use by the air saturation method) on a minimum of twelve exposure tanks. Figure 1b,d ). These effects were observed in both stage 51 and 54 exposed larvae. Due 11 to the dramatic effects observed at 8 days, a limited set of samples were analyzed at 14 days.
These results were consistent with those described for larvae exposed for 8 days (data not shown) Although tadpoles at the highest exposure concentrations were at earlier developmental stages 21 than controls, they appeared to have a similar mean weight (Table 3) .
22
Significant inhibition in development was observed in both stage 51 and 54 larvae at 25 1 mg/L and above (Table 2 and Table 4 PTU exposure resulted in a concentration dependent increase in the mean severity score 13 of the thyroid gland following 8 days of exposure in both 51 and 54 larvae (Table 5 ). In larvae termination the mean weights for the given treatments was calculated (Table 3) . However, 4 similar to methimazole, we did not apply a statistic to this data because of the differences in 5 developmental stage achieved by the controls and treated tadpoles. shown to retard the metamorphic process in amphibians (Iwasawa, 1958; Goos et al., 1968; 11 Callery and Elinson, 2000) . It is well established that both methimazole and PTU have the 12 ability to inhibit TH synthesis by blocking thyroid peroxidase coupling of iodine to the tyrosine 13 precursor contained within thyroglobulin (Nagasaka and Hidaka, 1976; Davidson et al., 1978; 14 Engler et al. 1982a; Engler et al. 1982b) . In addition to this activity, PTU also has been shown to 15 be an inhibitor of deiodinase activity in a number of species (Kohrle et al., 1987) . An apical endpoint is desirable because it integrates the effects of a chemical over the 5 entire HPT and ultimately aids in predicting the hazard associated with a given compound. (ht) and hyperplasia (hp), depletion of colloid (cd) and abnormal follicular morphology (af). 
